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%*4( 1. Background I@

Current IV&V Research topics in JAXA } P —

AN

ﬂ) Developing the Framework to keep high quality of IV&V activity \

- IV&V Decision Making Criteria To improve
- IV&V Manual Cost Effectiveness

- Measurement of IV&YV Effectiveness To maximize the

accumulated know-how

(2) Developing new IV&V methodology based on project’s needs
- Safety Analysis
- Model Based IV&V

K - Independent Verification Environment j

-

Discussion Points of this presentation 1
4 )
(1) Concept of JAXA's IV&V manual

- IV&V attributes

(2) Approach to making IV&V manual
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Objectives of IV&V manual
(1) We promote utilization to enhance effectiveness of IV&V.

(2) We generalize IV&V to increase IV&V contractors in Japan

We arrange and accomplish IV&V knowledge
before  IV&V guideline to inherit it.

-We focus on utilization of IV&V manual.

- What points should we assess ?
now IV&V manual It introduce IV&YV attributes structured.
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Raising dependability of the software

-----------------------------------------------------------------

Accuracy * Assessing accuracy of artifacts objectively.

-----------------------------------------------------------------

® Assessing enough robustness for failure and fault , and completeness of design .

2 [ Reduce possibility that satellite system faces critical situation

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

: * Assessing identified hazard for enough. :
Safety : e Assessing the software that don’t cause hazard .
: e Assessing that software satisfy Safety Policy. :

--------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

Integrity e Assessing that the artifact includes in comprehensive and consistently requirement.

.
-----------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

Validation : ® Assessing that the software correspond to requirement for system.

---------------------------------------------------------------------------------------------------------

[ Accomplish the mission by increasing dependability of the software }
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Determine IV&V
activity JTTTTTTTTTTITT T L TTTTTTTTTTT T C T

\\ 15t STEP 2nd STEP . 3r9STEP 4th STEP 5th STEP

IV&V Decision Making Criteria

JAXA Coverage area
Project

Discuss IV&YV activity

IV&V manual
Coverage area

Meeting : |
IV&V activity plan ! i i
JAXA " Make IV&V plan | i e i
IV&V team ] : : ! . Refine IV&V
| document i . activity plan 1 coordination
i | concretize : i ' indication
i E V&V aCtiVity E i Coordination i
i E plan i i work i
i 5 i e . Submit
[ cor|1\t/|§::/tor ] I . Make V&V J itz Juky . indication
work plan work plan ;

IV&V schedule
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IV&V objectives

and mission
Discussion

IV&V’s ideal model | |
4 ) 4

Top down Attribute to accomplish Bottom up

objective and mission of

Approach V&V Approach

\_ J \

Research IV&V methods
in real assessment process.

Method to realize
IV&YV attribute

/ Arrangement and sharing

V&YV f the information and knowledge
mdanw to perform effective and efficient IV&V
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N
[ Validity ] Does the artifact satisfy the top level requirement ?
* Top level requirement means system/sub system design.
J
)
[ Integrity ] Does the artifact include in all requirement for software
through development process ? )
[ Accuracy J[ Is the artifact described correctly ? J

Does the artifact include all requisite specification
(including off nominal and failure tolerability)
without omission ?

Completeness

[ Safety ] Does the artifact satisfy safety requirement
and identify all hazard?
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3. Relationship between IV&YV attributes

and artifacts

System design

Operational scenario

System specification

N

Verification plan

D

Digitol Innovation Center

\{

N\

Requirement ar%is

Safety requirement

Integration test

Requirement <€

@ N

AN

Software (hskn
N

S

/ Integration test case@
:i!odule test

Software design €— \

N

Softwa re}bqn

>/Modu|e test case

S

Unit test

Source code

S

<—> Unit test case

= Deliverable

Development output

Development process

S
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Top requirements attribute content
System ~ Operational sub attribute | explanation
requirement requirements
Validation | Adequacy for - The performance and function defined in
system and each deliverables satisfy software
Needs and wants. software requirements that system require.
expectation requirements - The performance and function defined in

each deliverables accord requirements and
constraint that system should accomplish.

@ Adequacy for -The performance and function defined in
operational each deliverables satisfy realization of system

requirements operation.
- Deliverables satisfy operational constraints.

§ adequacy Deliverables reflect all requirements to
Development implicit develop adequate system where it’s not
deliverable requirements in | defined about top level requirements and
deliverable constraints.
Does the development validation of - Based on verification policy, verification for
ol ble ad te t | | verification software should be exhaustive and
Sliteteloh=r el RE=nre e i=ie consistency through a whole verification
requirements ? activity
- verification activity for software accord real-
operation. »
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Upper level spec

Interface spec System requirement lower level spec

All software requirements reflect development deliverable without omission through development process.

attribute

contents

sub—attribute

explanation

Integrity

traceability upper level
and lower level

lower level specification in development deliverable include in all items of
all upper specifications.

all upper level specification correspond to lower level specification
without omission. In addition lower level specification correspond to upper
level specification.

equality of upper and
lower level

where each specification has traceability upper and lower level
specification, total specification in each lower specification equal upper
specification.

traceability of
deliverable and
interface specification

deliverable reflects all interface specification without omission.
In addition, all specifications about all interfaces in deliverable correspond
to interface specification.

equality of deliverable
and interface
specification

where specification in deliverable and interface have traceability, each
contents of both specification are equality.
behavior of both specification isn’ t inconsistency.

traceability of
requirement and testing

All requirements in deliverable correspond to test case in deliverable about
verification in deliverable.
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Is one of deliverable (specification, source code) correct ?

&

Follow the rule of grammar

(language, code)
No subjects and objectives in Japanese

Consistent with the fact
Don’t consider output timing
and condition of state transition

1st Attribute Contents
2" attribute explanation
Accuracy consistency of interpretation | One of description (including value and figure) in the

deliverable can interpret underspecified.

consistency of each
requirements

inconsistent description that relationship a requirement
and negative requirement are true at same situation don’t
exist in deliverable.

coverage of condition

Condition about requirements in deliverable is
exhaustively considered within the deliverable.
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contents
. . . attribute
Is off nominal situation . .
) _ ) sub -attribute | explanation
considered in design process ?
Inconsistent sate doesn’ t exist at the
same time, it’ s no possible that the
completeness state changes multiple states
Specification f sat ‘
P of sate All sate changes are defined under

Off nominal expected condition.
phenomena urx)n A

, Processing start at intended timing.
*function B . .
After processing properly complete, it
“function C terminate in intended timing.

completeness . .
P . Software processing (exception
of processing

Completeness handling, detection, warning etc)
7 properly execute for stop and start of

unintended processing.

Does a function (or processing ) Date input and output execute at
have adequate behavior within intended timing.

the function ? completeness Software processing (exception
of output handling, detection, warning etc)
and input properly execute for data input at
unintended timing, data input of
unexpected value.

13



Hazard
phenomena

3-5 Safety
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In JAXA IV&YV, Safety is not only covered with human life
but also lost of satellite and mission regard as hazard.

attribute

contents

sub-attribute

explanation

Spec Soec

A system  Bsystem
failure failure

Doesn’t satellite system face
critical condition ?

Safety

sufficiency
hazard analysis

Identify all the scenario that satellite system
comes critical state.

avoidance
hazard

NnMa N
vVIHiov Vil 11

it’ s specification that avoid critical

o
o)

ate and

(%]

validation of
dealing with
off nominal

The system detect all failure and error, in
addition system detect off nominal events
and states, the specification is adequate
processing ( informing).

14
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Requirement
Analysis

Integrity Sub Traceability upper
Attribute level and lower
level

Detailed Attribute

- Outline of attribute (What do we assess in this attribute)

Applicable IV&V Methodology

[Assessment Procedure] - How do we assess in this attribute.
[Technical know-how] - way to assess more efficiency and effective.

[Complementary information]
- It’s described in detail and points to be noted in assessment

Previous IV&YV Findings

- IV&V outcome in the past projects.
refer to accumulated know-

how in the past projects
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4. Conclusion and Future Work 7@
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Conclusion

JAXA’s IV&V manual is being created based on 5 IV&V attributes
derived by top-down approach (based on ideal IV&V model)
and bottom-up approach (based on IV&V experiences)

- Validity

- Integritiy

- Accuracy

- Completeness
- Safety

Future Work

(1)IV&V manual will be applied to real projects as a trial
- to brush-up the manual by reflecting the practical experiences
- to accumulate and maximize the technical know-how in the manual

(2)IV&V manual and IV&YV decision making criteria will be coordinated to
achieve cost-effectiveness of IV&YV activity.
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